Abstract Keinath, A. P. 2013. Susceptibility of cucurbit rootstocks to Didymella bryoniae and control of gummy stem blight on grafted watermelon seedlings with fungicides. Plant Dis. 97:1018-1024.
Seedlings of watermelon are susceptible to Didymella bryoniae, the cucurbit pathogen that causes gummy stem blight, particularly when they are grown in the greenhouse for use as transplants. Seedlings of bottle gourd (Lagenaria siceraria) and interspecific hybrid squash (Cucurbita moschata × C. maxima) that are used as rootstocks for grafting watermelon are susceptible to gummy stem blight when wounded. Nonwounded rootstock seedlings of both genera were as susceptible to gummy stem blight as seedless watermelon. Because grafted plants must be misted or held at high relative humidity for 1 week so the graft union will heal, fungicides may be necessary to manage gummy stem blight under these disease-conducive environmental conditions. Nine fungicides were applied as foliar treatments at labeled rates per 467 liters/ha water to nongrafted seedlings of watermelon and five rootstock cultivars. Fluopyram + tebuconazole injured all five bottle gourd and hybrid squash cultivars and stunted watermelon and hybrid squash seedlings. Cyprodinil + difenoconazole injured all five rootstock cultivars and watermelon. Tebuconazole stunted bottle gourd and watermelon seedlings. Four of the five fungicides that were not phytotoxic reduced incidence and severity of gummy stem blight on seedless watermelon grafted onto bottle gourd Emphasis and hybrid squash Strong Tosa. Difenoconazole and cyprodinil were more effective than mancozeb or cyprodinil + fludioxonil, which were more effective than thiophanate-methyl, which was not significantly different from the water control (P = 0.01). Nongrafted watermelon seedlings and watermelon seedlings grafted onto watermelon as the rootstock were as susceptible to gummy stem blight as watermelon seedlings grafted onto cucurbits. Although difenoconazole and cyprodinil are not registered currently on cucurbits, transplant growers can apply mancozeb or cyprodinil + fludioxonil to manage gummy stem blight on watermelon and rootstock seedlings during greenhouse production.
Grafting of watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai var. lanatus) is used in various countries, notably Korea, Japan, and Israel, to manage soilborne pathogens, confer cold tolerance, or increase yield (9, 26) . The two most common rootstocks used for grafting watermelon are bottle gourd, Lagenaria siceraria (Molina) Standl., and an interspecific hybrid of two squash species, Cucurbita moschata Duch. ex. Poir × C. maxima Duch. ex. Lam (23, 29) . Several cultivars of each rootstock species are available from international seed companies.
The occurrence of gummy stem blight on watermelon seedlings is a well-known problem in greenhouses where transplants are produced (7, (16) (17) (18) 24, 36) . Gummy stem blight is caused by the ascomycete Didymella bryoniae (Auersw.) Rehm (anamorph Stagonosporopsis cucurbitacearum (Fr.) Aveskamp, Gruyter & Verkley [2] , synonym Phoma cucurbitacearum (Fr.:Fr.) Sacc.). The pathogen is seedborne on a variety of cucurbits, including watermelon and C. pepo (6, 16, 28) .
In addition to watermelon, D. bryoniae infects cucurbit species used as rootstocks, including C. moschata, C. maxima, and L. siceraria. In fields in Trinidad, D. bryoniae caused damping-off of pumpkin (probably C. moschata) seedlings (3) . In various tests under controlled conditions, D. bryoniae isolates were pathogenic on wounded seedlings of C. maxima and C. maxima subsp. andreana (8, 15) . The pathogen also infected wounded vines of mature C. maxima (8, 13) . D. bryoniae has been reported to occur naturally on L. siceraria in Southeast Asia (32, 37) . The pathogen also infected wounded seedlings and wounded vines of mature L. siceraria (reported as L. vulgaris and L. leucantha, which now are synonyms of L. siceraria) in pathogenicity tests (8, 13) . In another study, the rootstock cultivar C. moschata × C. maxima 'Teksukabutu' was infected after stem wounding and inoculation, although it was less susceptible than watermelon (11) .
The use of grafted cucurbits may increase the risk of gummy stem blight development in the greenhouse (18) . Both the rootstock and the scion are wounded when the top of the rootstock and the bottom of the scion are removed, regardless of which grafting method is used (14) . Because D. bryoniae infects wounded cucurbit species used as rootstocks, rootstock seedlings could become infected during grafting or immediately after grafting before healing. After grafting, plants are held at high humidity or under frequent misting for 1 week to promote healing of the graft union (14) . These very moist environmental conditions are favorable for rapid development of gummy stem blight (1) .
The circumstances around one documented outbreak of gummy stem blight on grafted watermelon in the field suggest that infection occurred during grafting (4) . Cankers of gummy stem blight that developed at the graft union became so severe that affected plants died. Gummy stem blight was not observed on nongrafted plants in the same field in Tunisia or on leaves of grafted plants. Since it is very unlikely that another source of D. bryoniae inoculum was present in the arid North African climate, it appears that the grafted plants became infected during grafting. Koch's postulates were fulfilled with D. bryoniae inoculated onto wounded seedlings of the rootstock cultivar C. moschata × C. maxima 'Strong Tosa' (4).
Because results from most inoculation studies were obtained with wounded seedlings, it is not known how susceptible to gummy stem blight nonwounded rootstock Cucurbita and Lagenaria seedlings are. This information is necessary to determine how likely gummy stem blight is to occur on cucurbit rootstock seedlings during production before grafting. The relative susceptibility of Lagenaria rootstock cultivars compared to watermelon also is unknown, and only two cultivars of C. moschata × C. maxima used to graft watermelon have been tested for susceptibility to gummy stem blight.
Until recently, mancozeb was the only fungicide effective against D. bryoniae that could be applied to cucurbits in green-houses. Chlorothalonil (in flowable formulations), strobilurins, and boscalid may not be applied in greenhouses. Although thiophanatemethyl could be used in greenhouses, many D. bryoniae isolates are insensitive to this active ingredient (22) . Applications of several newly registered fungicides, including cyprodinil, cyprodinil + difenoconazole, cyprodinil + fludioxonil, difenoconazole, tebuconazole, and tebuconazole + fluopyram, are not prohibited in greenhouses. However, some of these fungicides may potentially be phytotoxic to cucurbits other than those used to establish fungicide tolerances, which are cucumber (Cucumis sativus L.), melon (C. melo L.), and summer squash (Curcurbita pepo L.) (30) . Phytotoxicity or stunting were observed when tebuconazole and cyprodinil + fludioxonil were applied three times to seedlings of L. siceraria 'Emphasis' and hybrid Curcurbita 'Strong Tosa' at 935 liters/ha rates (20) .
The objectives of this study were to determine (i) the relative susceptibility of nonwounded seedlings of Lagenaria and Cucurbita used as rootstocks for watermelon and (ii) the crop safety and efficacy of fungicides that control gummy stem blight in the field on grafted watermelon seedlings in the greenhouse.
Materials and Methods
Host plants. The seedless watermelon cultivar used was 'SuperSeedless® 7187HQ' (Nunhems USA, Inc., Parma, ID). Three Lagenaria rootstocks, 'Emphasis' (Syngenta Seeds, Inc., Boise, ID), 'Macis' (Nunhems), and 'WMXP 3945' (Harris Moran Seed Co., Modesto, CA), and two hybrid Cucurbita rootstocks, 'Strong Tosa' (Syngenta) and 'Shintosa Camel' (Nunhems), were used. Because the three genera have different growth rates, seeding was staggered over time. This is the standard practice to ensure all plants are at the correct growth stage for grafting. The rootstock is ready to graft when the first true leaf starts to develop; the scion should have the first true leaf fully open. Watermelon was seeded first, Lagenaria was seeded when watermelon seedlings had fully expanded cotyledons, and Cucurbita was seeded 2 days after Lagenaria. When nongrafted seedlings were used in experiments, they were transplanted from 72-cell flats into 10-cm-diameter pots 1 day before use.
Evaluation of rootstock susceptibility to D. bryoniae. Nongrafted seedlings of the five rootstock cultivars and seedless watermelon were tested for susceptibility to D. bryoniae. Two strobilurin-and boscalid-insensitive isolates of D. bryoniae originally isolated from watermelon in South Carolina, HD10 and W764, were used (17, 19) . The experimental design was a split plot, with isolate as the whole plot and cultivar as the subplot. There were four replicate pots (experimental units) with three seedlings per pot per treatment. Isolates were tested separately over time, and each isolate was tested twice.
Inoculum of D. bryoniae was prepared from cultures grown on one-quarter strength potato dextrose agar incubated with a 16-h photoperiod as described previously (17, 19) . The inoculum concentration was 2 or 3 × 10 5 ascospores and conidia per milliliter sterile 0.1% sucrose-0.05% hydrolyzed casein solution. This inoculum level was lower than the level used in the previous studies, because inoculated plants were incubated twice as long, as described below. (In preliminary tests, an inoculum level of 1 × 10 3 spores/ml was insufficient to cause any disease, and development of gummy stem blight was variable with 1 × 10 4 spores/ml; data not shown). Noninoculated seedlings were sprayed with sterile sucrose-casein solution. Immediately after inoculation, seedlings were placed into 1 × 2 × 1 m chambers in which cool-mist atomizing humidifiers (Trion Herrmidifier, Sanford, NC), one per chamber, were used to maintain 100% relative humidity. Each replication was placed in a separate humidity chamber for 6 days. Disease incidence was determined as the percentage of infected seedlings out of three in each pot. Disease severity was rated as the percentage of symptomatic area on each seedling on a 0 to 100% scale with 5% increments plus 1% for plants with one small leaf spot. Severities were averaged across the three seedlings (subsamples) per pot. If only one seedling in a pot was rated as having 1% severity, the leaf spot was cultured as described previously to verify infection by D. bryoniae (19) .
Evaluation of fungicides for phytotoxicity. The treatment list of fungicides used included those registered for use on cucurbits against gummy stem blight that were not prohibited from being used in the greenhouse. The highest fungicide rate labeled to manage gummy stem blight was dissolved in the equivalent of 467 liters/ha water ( Table 1 ). The experimental design was a randomized complete block with three replicate pots per treatment in the first two experiments and four replicate pots in the third experiment. One rootstock seedling and three watermelon seedlings were used per pot. Fungicides were applied with a handheld pump-pressurized sprayer. Treated seedlings were held in a greenhouse, and severity of phytotoxicity was rated 7 days after each application. In the first phytotoxicity experiment, seedlings of the five rootstocks were treated with fungicides or water twice at weekly intervals (Table 2) . Because the true leaves are removed during grafting, they were removed before the second application. In the second phytotoxicity experiment, watermelon seedlings with two fully expanded true leaves were treated once with fungicides or water ( Table 3 ). In the third phytotoxicity experiment, Lagenaria rootstocks and watermelon were treated with fungicides or water twice at weekly intervals (Tables 2 and 3 ). The separate experiments with rootstocks and watermelon were done twice, and the combined experiment was done once; repetitions of experiments will be referred to as trials.
Evaluation of fungicide efficacy. The five fungicides that were not phytotoxic on rootstock or watermelon seedlings were evaluated for efficacy against gummy stem blight on seedless watermelon grafted onto L. siceraria 'Emphasis' or hybrid Cucurbita 'Strong Tosa.' These cultivars were chosen as representative cultivars of the two rootstock species. Each rootstock was tested twice in separate trials. Fungicides, used at the same rates that were evaluated for phytotoxicity, were applied to rootstock and scion seed- lings 1 day before grafting. Greenhouse flats with 72 cells were cut into 6-cell sections (one experimental unit), and the seedlings were treated with the appropriate fungicide. When the seedlings were grafted, rootstock and scion that had been treated with the same fungicide were matched. On the rootstock seedling, one cotyledon and the visible growing point were cut away with a razor blade at a 45-degree angle. The hypocotyl of the scion below the cotyledons was cut at a 45-degree angle on one side only. The cut sides were matched and held together with a grafting clip (14) . Grafting controls included nongrafted seedless watermelon and self-grafted watermelon, i.e., watermelon used as the rootstock and scion. A nongrafted, inoculated watermelon treatment was tested in both trials with rootstock Emphasis and in the second trial with rootstock Strong Tosa. Grafted plants and the nongrafted control were moved to a healing chamber with 100% relative humidity for 24 h.
After 24 h, the plants were inoculated with D. bryoniae isolate HD10 by spraying with a suspension of 2 × 10 5 spores/ml. Plants were returned to the healing chamber immediately after inoculation and held at 100% relative humidity for an additional 6 days. Disease incidence and severity were rated as described above on the rootstock portion and the scion portion of each grafted plant. u Values are means of three replications in both repetitions of the first rootstock phytotoxicity experiment except for half rates of fluopyram + tebuconazole and cyprodinil + difenoconazole, which were only included in the second repetition. v Injury was rated with a 16-point Horsfall-Barratt-type scale as percent necrotic leaf area. Values are back-transformed least-squares means from the arcsine of the square root. w P is the number of trials in which phytotoxicity as injury or stunting was observed, and N is the number of trials done. Treatments that stunted seedlings are marked with an asterisk. x Means followed by the same letter within columns are not significantly different at the probability given in the last row of the column based on t tests of least-squares means. Means within a column without letters are from treatments not included in the analysis of variance to eliminate inequality of variance among treatments. y Half rates (see Table 1 ) were tested in the second repetition of the first rootstock phytotoxicity experiment. Means for the half rates applied to Lagenaria cultivars were significantly different from the water control in a separate analysis of the second repetition of the first rootstock phytotoxicity experiment. z Treatments not included in any analysis of variance to eliminate inequality of variance among treatments. v Reduction in height, relative to the water control. Means were calculated from three replications in the first repetition of the first watermelon phytotoxicity experiment and four replications in the second experiment, which was done once. Fungicides were applied once in the first watermelon phytotoxicity experiment and twice in the second experiment. Values are back-transformed least-squares means from the arcsine of the square root. w Number of trials out of three in which injury was observed. A mean severity ≤0.33% was considered to be insignificant. x Injury was rated with a 16-point Horsfall-Barratt-type scale as percent necrotic leaf area. Means were calculated from three replications in the first repetition of the first watermelon phytotoxicity experiment, except the mean for cyprodinil + difenoconazole, which was calculated from three replications in both repetitions of the first experiment and four replications in the second experiment, which was done once. Values are back-transformed least-squares means from the arcsine of the square root. Means within a column without letters are from treatments not included in the analysis of variance to eliminate inequality of variance among treatments. y Means followed by the same letter within columns are not significantly different at the probability given in the last row of the column based on t tests of least-squares means. Means within a column without letters are from treatments not included in the analysis of variance to eliminate inequality of variance among treatments. z Means with an asterisk were not significantly different from the water control in an analysis of variance of repetition one of the first experiment.
Disease severity ratings on rootstock and scion were converted to percentages and averaged across the six seedlings.
Because disease severity ratings were based on the surface area of grafted seedlings, the relative surface areas of scion and rootstock were calculated. Grafted plants produced with the one-cotyledon grafting procedure included the first true leaf plus both cotyledons of the watermelon scion and one cotyledon of the rootstocks (14) . Leaves and cotyledons of watermelon and cotyledons of rootstocks Emphasis and Strong Tosa were removed from six plants and laid on a flat-bed scanner. The images were scanned, and surface area based on pixels was determined with Assess 2.0 (APS Press, St. Paul, MN). The mean scion leaf and cotyledon area was 53.5% of the total area of a grafted plant, and the mean rootstock cotyledon area for both rootstock cultivars was 46.5% of the total area. The mean severities for rootstock and scion were used to calculate a mean plant severity, weighted by area of rootstock and scion, for each experimental unit.
Data analysis. Data were analyzed with SAS PROC MIXED (SAS Version 9.2, SAS Inc., Cary, NC). When subsets of the data were analyzed and trial was not included in the model, equality of variance between the trials included in the analysis was checked using Bartlett's test (35) . Residuals from models were checked for normality using the Shapiro-Wilk statistic, and residuals from models were plotted against predicted y values to check equality of variance. To eliminate problems with non-normality and inequality of variance in some data sets, percentage ratings were transformed with arcsine-square root before analysis. When the arcsine-square root transformation did not eliminate inequality of variance, Taylor's power law was used with b = 1.6, which means the 0.2-root of data values was used (21, 31) . Means of transformed data were back-transformed for presentation. Because the phytotoxicity data included many ratings that were 0, treatments with a mean rating ≤0.33% were excluded from some analyses to eliminate inequality of variance among treatments. Phytotoxicity data for the two Cucurbita cultivars were analyzed together, and the three Lagenaria cultivars and watermelon were all analyzed separately. In analyses, trials, fungicides, and rootstock cultivars or grafting treatments and their interactions were tested as fixed effects, whereas replication was tested as a random effect. The slice option in PROC MIXED was used to examine treatment levels within significant interactions.
Results
Susceptibility of rootstocks to D. bryoniae. Gummy stem blight developed on all five rootstocks and on watermelon after inoculation in all trials. Mean incidence (percentage of plants diseased) across cultivars was 93 and 100% in trials 1 and 2, respectively, when isolate W764 was used, and 72 and 93% when isolate HD10 was used. (Incidence was not analyzed due to inequality of variance that could not be eliminated by transforming the data.) All noninoculated seedlings were symptomless, except one noninoculated Macis seedling in trial 2 was infected by HD10 and had a severity of 1%. Cultivars did not differ based on severity of gummy stem blight (P = 0.48), and there was no isolate-by-cultivar interaction (P = 0.11). Inoculation with isolate W764 resulted in a higher mean severity (P = 0.02) across trials and cultivars, 10.8%, than inoculation with HD10, with a mean severity of 5.1%. Mean severity was higher in trial 2 than in trial 1 (P = 0.02). This difference was due primarily to two cultivars, watermelon and WMXP 3945, that had more severe gummy stem blight in trial 2 than in trial 1 (P ≤ 0.003) (Fig. 1) .
Phytotoxicity of fungicides. Phytotoxicity symptoms were rated as injury with necrotic spots on cotyledons or leaves of seedlings and as stunting of seedlings with shortened hypocotyls. Occurrence of phytotoxicity was consistent across replications within a trial but was variable for some fungicides across trials. In the first phytotoxicity experiment with rootstocks, no phytotoxicity was visible after one fungicide application. In the third phytotoxicity experiment, one seedling of WMXP 3945 had necrotic symptoms after one application of tebuconazole. After two fungicide applications, necrosis was present on some Lagenaria seedlings in all three trials and on Cucurbita seedlings only in the first of two trials. Three fungicides, fluopyram + tebuconazole, cyprodinil + difenoconazole, and copper hydroxide, injured seedlings of all five rootstock cultivars (Table 2 ). In general, the high rates of cyprodinil + difenoconazole and fluopyram + tebuconazole caused the greatest injury on Lagenaria, and cyprodinil + difenoconazole caused the greatest injury on Cucurbita. In the second trial of the first phytotoxicity experiment, half rates of cyprodinil + difenoconazole and fluopyram + tebuconazole also caused necrosis on Lagenaria cultivars, 8.2 and 7.4%, respectively. Although severity of necrosis was significantly (P < 0.01) lower than with the full rates, it still was significantly greater than in the water control (P ≤ 0.0002). In the first experiment, copper hydroxide also caused a moderate degree of injury on all five rootstock cultivars, and the severity of necrosis was significantly greater than in the water control (P < 0.01). The degree of injury caused by the remaining three fungicides included in the analyses, tebuconazole, cyprodinil + fludioxonil, and mancozeb, was not significantly greater than the ratings for the water control, which had no symptoms resembling injury in either trial ( Table 2) . Thiophanate-methyl, difenoconazole, and cyprodinil caused no phytotoxicity in either experiment.
Fewer fungicides caused injury on watermelon than on rootstock species. On watermelon, only cyprodinil + difenoconazole caused statistically significant injury compared to the water control (Table  3) . Mean necrosis ratings of 1.9, 13.3, and 6.8% severity were observed in phytotoxicity experiment 2 in trials 1 and 2 and in phytotoxicity experiment 3, respectively, on watermelon seedlings treated with cyprodinil + difenoconazole. Injury was present after one application in phytotoxicity experiment 2 but only after two applications in experiment 3. The fungicides fluopyram + tebuconazole (high rate), tebuconazole, copper hydroxide, and cyprodinil caused slight injury in phytotoxicity experiment 2 trial 1, but the severity of necrosis with these four fungicides was not significantly different from the water control (Table 3 ). The low rates of cyprodinil + difenoconazole and fluopyram + tebuconazole and mancozeb, thiophanate-methyl, cyprodinil + fludioxonil, and difenoconazole caused no or essentially no injury on watermelon.
Stunting was more severe on watermelon than on rootstock cultivars. In the first rootstock phytotoxicity experiment, tebuconazole stunted seedlings of all five rootstock cultivars in the first trial and Cucurbita seedlings in the second trial. In addition, both rates of fluopyram + tebuconazole also stunted Cucurbita seedlings slightly in the second trial. On watermelon, the high rate of fluopy- ram + tebuconazole and tebuconazole caused stunting in two of the three phytotoxicity trials, the first trial of the second phytotoxicity experiment and the third experiment, while the low rate of fluopyram + tebuconazole caused slight stunting in only the first trial of the second phytotoxicity experiment (Table 3) . Stunting was observed after one application in both experiments. Watermelon seedlings treated with tebuconazole were less than half the size of control seedlings (Table 3) . No stunting was observed in the second trial of the second phytotoxicity experiment with any fungicide. The other seven fungicides tested and applications of water never stunted seedlings of any cultivar.
Fungicide efficacy on grafted plants. Based on incidence of gummy stem blight on whole plants, i.e., disease developing on either scion or rootstock, fungicides were equally effective with both bottle gourd and hybrid squash rootstocks with the exception of mancozeb (rootstock-by-fungicide interaction significant, P = 0.03). When applied to watermelon grafted onto the bottle gourd Emphasis, mancozeb was very effective, as disease incidence was not significantly different from the noninoculated control (Table 4) . With the hybrid squash rootstock Strong Tosa, mancozeb was intermediately effective and less effective than cyprodinil and fludioxonil. The other four fungicides were ranked in the same order of effectiveness on both rootstocks.
With both rootstocks, incidence of gummy stem blight on plants treated with thiophanate-methyl was significantly higher than on plants treated with any of the other four fungicides (P ≤ 0.01) (Table 4). Performance of thiophanate-methyl varied with respect to the inoculated control treatments in the two trials (trial-by-fungicide interaction significant at P = 0.03). In trial 1, incidence with thiophanate-methyl, 68.5%, was significantly lower (P ≤ 0.0005) than incidence on the grafted and self-grafted controls treated with water, whereas in trial 2, incidence was 99.1% and as high as the controls. Although a low level of disease developed on a few plants treated with difenoconazole or cyprodinil, incidence with these two fungicides did not differ significantly from the noninoculated control with either rootstock (Table 4) . Incidence with cyprodinil + fludioxonil was intermediate: less than the inoculated controls and greater than the noninoculated control.
Fungicide efficacy based on disease severity on whole plants was identical to efficacy based on incidence (Table 4 ). There were no significant interactions with rootstock or trial. Plants treated with thiophanate-methyl had significantly higher severity than the other four fungicides, plants treated with mancozeb or cyprodinil + fludioxonil had intermediate severity, and disease severity on plants treated with cyprodinil or difenoconazole did not differ significantly from the noninoculated control, which was free of disease (P < 0.005).
When gummy stem blight was evaluated only on the watermelon scions, there was no effect of rootstock (P ≥ 0.55) and no interaction with fungicides (P ≥ 0.42). Nongrafted, inoculated watermelon seedlings were included in both trials with rootstock Emphasis and in the second trial with rootstock Strong Tosa. This treatment was included in the analysis of scion ratings, and disease incidence and severity were as high as on the grafted and selfgrafted inoculated controls (Table 4) . Disease ratings on scions showed that, in general, fungicides were ranked in the same order as when whole plants were evaluated: thiophanate-methyl was ineffective compared to the inoculated controls, mancozeb and cyprodinil + fludioxonil were intermediate in effectiveness, and cyprodinil and difenoconazole were the most effective fungicides tested and did not differ from the noninoculated control. However, on scions, cyprodinil had lower incidence and severity than mancozeb, while on rootstocks these two fungicides performed similarly (Table 4) .
When incidence of gummy stem blight was rated only on rootstock cotyledons, there again was an interaction between fungicide and trial with thiophanate-methyl (P = 0.02) and between rootstock and fungicide with mancozeb (P = 0.03) ( Table 4 ). When treated with mancozeb, incidence was greater on Strong Tosa than on Emphasis (P = 0.001); rootstock cultivars did not differ with the other treatments. In general, incidence of gummy stem blight based on back-transformed mean values was lower with Emphasis than with Strong Tosa, but this difference was not significant due to the interactions. Mean incidence of gummy stem blight on the self-grafted control, i.e., on watermelon used as a rootstock, was 65% in trials with both rootstock species. On Emphasis, mancozeb, cyprodinil, and difenoconazole significantly reduced disease incidence, whereas on Strong Tosa, all fungicides except thiophanate-methyl were effective, although mancozeb had a higher incidence than difenoconazole (Table 4) . No rootstocks treated with difenoconazole had any disease, and only one Emphasis rootstock treated with cyprodinil was diseased.
Discussion
When evaluated as seedlings under greenhouse conditions, Lagenaria and Cucurbita rootstock cultivars did not differ from each other or from watermelon in susceptibility to gummy stem blight. Gummy stem blight developed on nonwounded seedlings of bottle gourd and hybrid squash. Even though cucurbit seedlings were wounded in most other studies that examined susceptibility to D. bryoniae, wounding is not necessary for infection (8, 11, 13, 15) .
Differences in susceptibility were not observed with rootstock seedlings before grafting or after grafting with seedless watermelon. In contrast to these results, four cultivars of C. moschata × v Values are back-transformed means after analysis of variance on transformed data. Disease incidence on whole plants and scions was transformed with arcsine of the square root, and disease incidence on rootstocks and all severity values were transformed by calculating the 0.2-root of the value. w Means followed by the same letter within columns are not significantly different at the probability given in the last row of the column based on t tests of least-squares means. x Seedless watermelon scion grafted onto seedless watermelon rootstock. y There was a significant (P = 0.03) interaction between fungicide and rootstock with DI plant and DI rootstock that was due solely to different incidence values with mancozeb on the two rootstocks. z na = Treatment not included in analysis of variance.
C. maxima used as rootstocks with Cucumis melo were less susceptible to the foliar blight and stem canker phases of gummy stem blight than five C. melo scions, two C. melo rootstocks, and single cultivars of L. siceraria, Cucurbita maxima, and C. moschata (10, 39) . It is possible that these differences between Cucurbita and melon were apparent, whereas differences between Cucurbita and watermelon were not, because C. melo seedlings are more susceptible to gummy stem blight than watermelon seedlings are (25) . Disease severities observed in the current study on inoculated controls were comparable to those observed in a previous study, when severities of gummy stem blight ranged from 1.5 to 17.4% on watermelon seedlings inoculated with a number of genetically different isolates (25) . Transplant growers do not need to use different cultural practices for rootstock and watermelon seedlings to minimize development of gummy stem blight during greenhouse production. Rootstock cultivars of Lagenaria and Cucurbita can be chosen based on graft compatibility, resistance to diseases other than gummy stem blight, and yield and quality improvements (40) .
Grafting watermelon on rootstocks of other cucurbits did not reduce incidence or severity of gummy stem blight compared to selfgrafting onto watermelon or not grafting. Apparently, the physiological responses of the rootstock and scion seedlings to wounding and regrowth during grafting did not affect susceptibility to D. bryoniae (29) .
In general, fungicides performed similarly on grafted plants with Emphasis bottle gourd and Strong Tosa hybrid squash as the rootstock. This was expected, since these two rootstock cultivars and watermelon did not differ in susceptibility to gummy stem blight. Thus, it is not necessary to consider rootstock or scion when selecting fungicides to prevent or manage gummy stem blight. The same fungicides can be used on rootstock seedlings and watermelon seedlings. It was not known why mancozeb was more effective on Emphasis than on Strong Tosa, other than to note that the difference occurred in disease development on the rootstock portion of grafted plants, not on the scion.
It is clear from this study that fungicides that control gummy stem blight in the field cannot simply be used in the greenhouse without considering efficacy and phytotoxicity to rootstock and watermelon seedlings. Difenoconazole and cyprodinil (applied separately) were the most effective fungicides tested in the greenhouse. However, in one of the few field studies to evaluate cyprodinil applied as a single product without a rotation partner, it did not control gummy stem blight on watermelon (34) . It is unknown why cyprodinil was effective in the current greenhouse study when applied at 0.37 kg a.i./ha, but it was completely ineffective in the field at 0.47 kg a.i./ha. In the current study, there were no differences between cyprodinil and cyprodinil + fludioxonil. The same result has been reported consistently from field trials on watermelon that included both fungicides (12, 38) . Difenoconazole, however, was more effective than cyprodinil + fludioxonil. Difenoconazole also was more effective than either thiophanate-methyl, which was ineffective, or mancozeb, which was moderately effective. These results match those from recent field evaluations against gummy stem blight on watermelon (27, 33) . Currently, neither difenoconazole nor cyprodinil is labeled as a stand-alone active ingredient for use on cucurbits.
Several fungicides were phytotoxic on rootstock or watermelon seedlings in the greenhouse. Fluopyram + tebuconazole caused phytotoxicity on rootstock cultivars in each experiment in which it was tested. Cyprodinil + difenoconazole and copper hydroxide also injured rootstock seedlings in half or more of the trials. Because plants are placed into humidity chambers for 1 week after grafting, injured tissue could be colonized by saprophytic fungi that cause additional loss of healthy leaf tissue. Thus, fungicides that are phytotoxic should not be used on seedlings, particularly before grafting. Copper hydroxide, if it is applied in 935 liters/ha instead of 467 liters/ha (the volume tested in this study), is safe to use on Emphasis and Strong Tosa, as reported previously (20) .
Tebuconazole consistently stunted Cucurbita, Lagenaria, and watermelon seedlings to a degree where they could not have been used in grafting, as the hypocotyls were too short to hold the clips connecting the scion and rootstock hypocotyls (14) . Because tebuconazole stunted seedlings of all three genera, it was likely that the stunting observed with fluopyram + tebuconazole on Cucurbita and watermelon also was due to the tebuconazole component. The same amount of tebuconazole (100 g per 467 liters) was applied with both treatments. In a previous study, Strong Tosa and Emphasis seedlings were stunted after applications of tebuconazole and cyprodinil plus fludioxonil (20) . It is not known why stunting was not observed with cyprodinil plus fludioxonil in the current study. Nevertheless, cucurbit transplant producers are unlikely to use any fungicide that has shown phytotoxicity under any conditions.
To maintain the usefulness of fungicides for controlling gummy stem blight in field and greenhouse, transplant producers must practice sound strategies to minimize the risk of insensitivity to additional fungicides developing in D. bryoniae (5) . Greenhousegrown transplants infected with strobilurin-insensitive and boscalid-insensitive isolates of D. bryoniae have been implicated as a source of fungicide-insensitive isolates found in the field (17, 19, 36) . Mancozeb and cyprodinil + fludioxonil were equally effective in this study. Although these two fungicides were less effective than difenoconazole and cyprodinil, they are the two effective fungicides identified in this study that may legally be applied to cucurbits at this time. Because mancozeb has multiple modes of action, the risk of insensitivity, even with greenhouse use, is low. The mixture of two active ingredients in cyprodinil + fludioxonil also should reduce the risk of fungicide insensitivity (5) . In addition, growers can reduce the risk of fungicide insensitivity by using fungicides not registered for greenhouse use, such as chlorothalonil, for the first application to watermelon transplanted in the field.
